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Table 1
The correlation between serum COMP and CILP concentrations and cartilage thickness change as visualized on MRI over 5 years after ACL injury
Cartilage thickness change score Cartilage thickening score Cartilage thinning score
BL/Y2 Y2/Y5 BL/Y2 Y2/Y5 BL/Y2 Y2/Y5
COMP
At BL 0.142 0.012 0.216* 0.039 0.265** 0.056
Change 2Y–BL 0.074 0.034 0.002 0.037 0.111 0.005
Change 5Y–2Y 0.232* 0.126 0.280** 0.025 0.073 0.001
CILP
At BL 0.066 0.006 0.028 0.012 0.019 0.030
Change 2Y–BL 0.003 0.015 0.186 0.104 0.086 0.144
Change 5Y–2Y 0.003 0.008 0.179 0.030 0.156 0.081
Spearman correlations. * p<0.05; ** p<0.01
Figure 1. A) Middle and posterior cartilage slopes and subchondral bone
slope (MCS, PCS, BS) B) Meniscus-cartilage and meniscus-bone wedge
angle (MCA, MBA). C) Meniscus-cartilage and cartilage-bone height (MCH,
CBH).
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gional MRI changes and serum biomarker concentrations was tested
using the Spearman correlation coefﬁcient; no correction for multiple
testing was made in this exploratory analysis.
Results: Higher BL serum COMP concentrations predicted greater carti-
lage thickening (r¼0.22, p¼ 0.025) and thinning (r¼0.27, p¼ 0.006) over
the ﬁrst two years after acute ACL injury. BL serum COMP or CILP con-
centrations were not correlated to change in subregional cartilage thick-
ness for any other investigated time period (Table 1).There were no
signiﬁcant associations between concurrent change of COMP or CILP
serum concentrations and subregional cartilage thickness change
between BL and Y2 (-0.11r0.19) or between Y2 and Y5 (-0.03r0.08).
However, greater overall subregional cartilage thickness change between
BL and Y2 predicted a decrease in serum COMP concentrations between
Y2 and Y5 (r¼-0.23, p¼ 0.017). Thiswas drivenby a signiﬁcant association
between subregional cartilage thickening between BL and Y2 and serum
COMP change between Y2 and Y5 (r¼-0.28, p ¼ 0.004). No other sig-
niﬁcant associations were found between subregional cartilage thinning
and serum COMP or CILP changes (Table 1).
Conclusions: Our results are the ﬁrst to report on longitudinal associ-
ations between serum biomarkers and subsequent MRI cartilage
changes in the ACL injured knee. Higher serum COMP concentrations
within 5 weeks of acute ACL injury predicted both cartilage thickening
and thinning over the ﬁrst 2 years after ACL injury. Further, increased
cartilage thickening over the ﬁrst 2 years after injury predicted a
decrease in serum COMP concentrations between Y2/Y5. Continued
follow-up of this cohort and further biomarker analyses may clarify the
relationship between early cartilage matrix changes, cartilage structure,
and risk of later development of osteoarthritis.
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Purpose: Anterior cruciate ligament (ACL) injury is often immediately
debilitating and can lead to early progression of post-traumatic osteo-
arthritis (PTOA), regardless of whether treated with surgery or reha-
bilitation alone. The geometry of the tibial plateau subchondral bone,
articular cartilage surface and meniscus has been associated with the
biomechanical function of the tibiofemoral joint and the risk of suf-
fering an ACL injury. Most of what is known regarding the relationship
between tibial plateau geometry and the risk of ACL injury has come
from case-control studies that use the injured leg of ACL-injured sub-
jects to identify risk. Inherent to such studies is the assumption that the
ACL injury does not modify the risk factor. Few studies have inves-
tigated acute changes in tibial morphology shortly after injury. The
objective of this study was to investigate side-to-side differences in
tibial plateau geometry within ACL-injured and uninjured control
subjects. We hypothesized that differences in tibial plateau geometry
would exist within ACL-injured subjects while uninjured control sub-
jects would display no side-to-side differences.
Methods: Our institutional review board approved this study. Bilat-
eral MRI scans were acquired on 88 subjects that suffered ﬁrst-time,
non-contact ACL injuries (27 males, 61 females) and 88 matched
controls with no history of an ACL injury or other knee pathology. ACL
injured subjects were scanned after injury but prior to surgical
reconstruction (Median: 15, Range: 1-110 days post injury). In themedial and lateral compartments, the subchondral bone, middle
articular cartilage, and posterior articular cartilage surface slopes were
measured relative to the tibial coordinate system anteroposterior
directed axis (Figure 1A). The angles formed by the wedge shaped
proﬁle of the superior surface of the posterior meniscus relative to the
underlying articular cartilage, and relative to subchondral bone were
measured (Figure 1B). Lastly, the height of the posterior aspect of the
meniscus from the surface of the articular cartilage and the posterior
surface of the articular cartilage from the subchondral bone were
measured (Figure 1C). Within subject comparisons were made
between the injured and uninjured legs of ACL-injured subjects and
between the two healthy legs of control subjects. Paired Student’s t-
tests were used to test differences.
Results: There were signiﬁcant differences in tibial plateau geometry
when comparing the injured leg of the ACL injured subject to the con-
tralateral uninjured leg. In the lateral compartment the injured leg had
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¼ 0.0007) and posterior cartilage slope (3 increase, p < 0.0001), a
decreasedmeniscus-bonewedge angle (1.8 decrease, p¼ 0.0004) and a
decreased meniscus-cartilage height (0.2 mm decrease, p ¼ 0.0089)
compared with the uninjured contralateral leg. In the medial compart-
ment, the injured leg had an increased posterior-inferior directed pos-
terior cartilage slope (1.5 increase, p ¼ 0.0002), a larger meniscus-
cartilage angle (1.4 increase, p ¼ 0.0009) and a smaller cartilage-bone
height (0.2 mm decrease, p ¼ 0.0026) compared with the uninjured
contralateral leg. In contrast, there were no side-to-side differences for
all measurements of tibial plateau geometry for the control subjects.
Conclusions: Our hypothesis was supported, ACL-injured subjects
displayed side-to-side differences in tibial plateau geometry while
uninjured control subjects did not. Consequently, the injured knee
should not be used in prognostic studies designed to identify risk fac-
tors risk factors for ACL trauma, as the tibial plateau geometry is altered
by the injury. ACL-injured subjects displayed differences in medial and
lateral compartment articular cartilage and meniscus geometries but
not in the geometry of the subchondral bone. These differences repre-
sent substantial alterations to tibiofemoral articular surfaces found soon
after injury, such as increased posterior directed articular cartilage slope
and decreased meniscus height. It is unclear whether these changes are
produced by the initial trauma, a healing response over time or altered
contact mechanics due to the ACL insufﬁciency at the time of MRI
acquisition. The observed changes may be indicative of some of the
earliest changes that inﬂuence the initial onset or progression of PTOA.
622
CARTILAGE DAMAGE, BONE MARROW LESIONS AND MENISCAL
LESIONS PREDICT QUANTITATIVELY MEASURED LOSS OF
CARTILAGE OVER 30-MONTHS: THE MOST STUDY
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Purpose: Recent epidemiological studies have shown associations of
structural progression of knee OA with several MRI-based pathologicalORs for different MRI features predicting cartilage loss in the same femorotibial compartment
Risk factor at baseline No. of compartments without
cartilage loss (medialþlateral)
(N ¼ 321) n (%)
No. of compartments with
cartilage loss (medial þlateral):
(N ¼ 64) n (%)
aOR (95% CI)
Cartilage WORMS score 2 (per unit increase) 183 (57.01) 48 (76.19) 2.59 (1.36, 4.95)
BML WORMS score 1 (per unit increase in max BML) 85 (26.48) 26 (41.27) 1.90 (1.10, 3.29)
Meniscal damage WORMS score 1 (per unit increase) 49 (15.26) 25 (39.68) 4.47 (2.38, 8.40)
Meniscal extrusion (present) (per unit increase) 59 (18.50) 28 (44.44) 3.32 (1.90, 5.80)
Effusion synovitis WORMS score 1 (per unit increase) 224 (69.78) 46 (73.02) 1.82 (0.89, 3.75)
Hoffa synovitis WORMS score 1 (per unit increase) 187 (58.26) 35 (55.56) 0.93 (0.52, 1.66)features of OA, including cartilage damage, bone marrow lesions and
meniscal lesions. However, studies that examined these risk factors
commonly evaluated one of them at a time and not their combination
simultaneously, although these features are known to partly coexist.
The aim of the current study was therefore to determine which semi-
quantitativeMRI-based OA features weremost predictive of subsequent
cartilage loss in the same femorotibial compartment, with cartilage
thickness change measured quantitatively using MRI.
Methods: One knee of each participants of a subcohort of the Multi-
center OA Study (MOST) was studied. The subcohort comprised par-
ticipants who volunteered for a longitudinal study, in which
quantitative MRI measurement of cartilage thickness and volume were
performed. These participants also underwent conventional MRI
allowing semiquantitative Whole Organ MRI Score (WORMS) based
scoring of cartilage damage, bone marrow lesions (BML), meniscal
damage and extrusion, effusion-synovitis, and Hoffa-synovitis at base-
line and at 30-month follow-up. Progression in the medial or lateralfemorotibial compartment (MFTC/LFTC) was deﬁned as quantitative
MRI-based cartilage thickness loss exceeding the change observed in
OAI control cohort knees (mean  2xSD, MFTC/LFTC: -162mm/-145mm).
All MRI predictors were dichotomized into being either “present”
(score2 for cartilage,0 for others) or “absent”. Differences in baseline
scores of predictor variables in the same femorotibial compartment
were compared between progressor and non-progressor knees. This
was done using multivariable logistic regression, adjusting for age, sex,
body mass index, and anatomical alignment axis (degrees). We com-
bined MFTC and LFTC to calculate adjusted odds ratio (aOR) and 95% CI
of cartilage thickness loss across compartments (i.e. medial cartilage
thinning with medial risk factors and lateral cartilage thinning with
lateral risk factors), using Generalized Estimating Equations. Also, ORs
and 95%CIs were calculated for MFTC and LFTC cartilage thickness loss,
separately.
Results: 196 participants with the mean age 59.86.3 years, mean BMI
29.54.6 kg/m2, and 62% women were studied. 46 knees had radio-
graphic knee OA (Kellgren Lawrence grade2) at baseline. In the MFTC/
LFTC, 35/29 progressors and 161/167 non-progressors were observed,
respectively. Change in MFTC cartilage thickness was -63.0mm and that
in LFTC cartilage thickness -25.10mm. For analysis combining MFTC and
LFTC, predictors of cartilage thickness loss were baseline cartilage
damage (aOR 2.6 [1.4-5.0]), BML (aOR 1.9 [1.1-3.3]), meniscal damage
(aOR 4.5 [2.4-8.4]) and meniscal extrusion (aOR 3.3 [1.9-5.8]), all in the
same femorotibial compartment. In contrast, effusion-synovitis or
Hoffa-synovitis were not predictive of cartilage change. In MFTC-only
analysis, MFTC progressors displayed higher aOR for having baseline
medial meniscal damage (aOR 2.4, [95%CI 1.1-5.6]), medial meniscal
extrusion (aOR 2.6 [1.1-5.8]), but not cartilage damage, BML, effusion-
synovitis and Hoffa-synovitis. In the LFTC-only analysis, baseline lateral
cartilage damage (aOR 3.4 [1.3-9.3]), lateral meniscal damage (aOR 13.9
[3.3-9.0]) and lateral meniscal extrusion (aOR5.0 [1.4-18.0]) predicted
LFTC progression.
Conclusion: Our study demonstrated that the presence of semi-
quantitatively assessed cartilage damage, BML, meniscal damage and
extrusion in the same femorotibial compartment predict quantitatively
measured cartilage thickness loss over 30-months. In contrast, baseline
effusion-synovitis or Hoffa-synovitis were not signiﬁcantly associated
with subsequent cartilage loss.623
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Purpose: Mechanical loading affects cartilage and subchondral bone,
which contribute to onset and progression of knee osteoarthritis. There
are thought to be regional differences on cartilage and subchondral
bone responsibility for mechanical loading. Knee cartilage can be divi-
ded into three regions; outer, middle and inner region. The cartilage in
outer region is covered by the meniscus, the cartilage in middle region
is also covered by the meniscus but transition to inner region and the
